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ABSTRACT. The achievement of the ABET Students Outcomes (SOs) aims to ensure the 
good preparation of the students to the workplace. The evaluation of the SOs attainment 
faces many problems including the partial achievement of  SO and the appropriate mapping 
of the assessment tools to SOs. Furthermore, the complexity and heaviness of the evaluation 
process require a 2-4 years improvement cycle to avoid faculty overloading. In this work, 
initially, a class diagram is developed which shows the classes of the system,  their 
attributes, operations and the relationships among objects. Further, we propose a six-steps 
methodology that aims to better undertake the assessment of the SOs for an IT program. The 
first step proceeds to the preparation of an articulation matrix that maps the IT program 
courses to the SOs. The second step decomposes each SO into its Elementary contents 
(SOEs) in order to target each SOE separately and contribute to the full achievement of the 
SO. The detailed articulation matrix is prepared in the third step to include the new list of 
SOEs. While undertaking the semester-based assessments, the fourth step consists in 
mapping the assessment tools and questions to the appropriate SOEs using the Bloom's 
measurable verbs. At the end of the semester, the fifth step is undertaken to input the 
assessment data for each SOE. The final sixth step proceeds to the analysis of the assessment 
data to outline important results at both course and program levels. This work is undertaken 
at the Faculty of Computing and Information Technology in Rabigh (FCITR), King 
Abdulaziz University, and will be soon supported by a web-based system that helps in the 
implementation of the six-steps methodology, which will considerably shorten the 
improvement cycle. 
Keywords: Student Outcomes Assessment, Six-Steps Method, Class Diagram, Bloom's 
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1. Introduction: One of the important ABET general criteria required for computing programs accreditation 
is the third criterion "Student Outcomes" (SOs). These outcomes prepare graduates to attain the program 
educational objectives [5]. The IT SOs include the nine SOs (a to i) common to all computing programs plus 
five IT specific SOs (j to n) as shown in the Figure 1. The implementation of these SOs is undertaken over the 
different courses of the IT program. The articulation matrix as shown in the Figure 2 shows the SOs that are 
targeted by each IT course of the IT program at the Faculty of Computing and Information Technology in 
Rabigh (FCITR). 
As stated by ABET, an assessment is one or more processes that identify, collect, and prepare data to 
evaluate the attainment of SOs [5]. Effective assessment uses relevant direct, indirect, quantitative and 
qualitative measures as appropriate to the outcome being measured. The evaluation consists in the 
interpretation of the data and evidence accumulated through assessment processes. Evaluation determines the 
extent to which student outcomes are being attained [5]. 
Multiple types of direct and indirect assessments are used to evaluate the extent to which the SOs are 
being attained. Direct assessments provide for the direct examination of student knowledge or skills and are 
much more difficult to achieve [11]. Direct methods include observing students and examining their work. 
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Indirect methods are much easier to design and implement as they involve self-reporting about the extent of 
the learning experience. Although, indirect methods are useful, they rely mostly on opinion or self-
reporting[8] and may be affected by personal issues such as motivation. In order to have a most effective 
assessment process, this work makes use of both direct and indirect methods including multiple types of 
assessments as shown in the Figure 3. Each assessment - either direct or indirect- is composed of a set of 
questions. While preparing an assessment, its questions should be mapped to the appropriate SO. A bad 
mapping of the questions to the appropriate SO yield to flawed assessment data and compromises the 
reliability and the effectiveness of the evaluation process.  
However, each SO, as stated by the ABET, addresses a set of knowledge and skills. For example, 
SO(I) "An ability to use current techniques, skills, and tools necessary for computing practice" addresses the 
use of current (i) techniques (ii) skills and (iii) tools necessary for computing practice. The implementation of 
the SO may be partially accomplished if one of the sub contents of the SO, namely, the techniques, skills and 
tools were not addressed by the assessments. Assessing the SO as "all-in-one" may be inaccurate. Hence, the 
SO should be studied carefully and decomposed into more elementary contents that should be addressed 
individually for better implementation of the SO. 
 
 
Figure 1 - The ABET Student Outcomes for an IT program 
 
 
Figure 2-The Articulation Matrix of the IT program at FCITR  
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Taleb A. and al. [12] and Al-Mubaid and al. [1] decomposed the Students Outcomes into more detailed 
elements they called Performance Indicators (PI). For SOs assessment needs, only selected questions are 
mapped to PIs and embedded in different assessment tools such as exams, homework, projects and 
assignments. Sundararajan [10] used the Course Learning Outcomes (CLOs) as a primary artifact for SOs 
assessment, while Taleb A. and al. [12] used them as a semester-based assessment. For each course, the CLOs 
are mapped to the SOs. Faculty members are asked to select activity/evaluative components and map them to 
CLOs. Since CLOs are already mapped to SOs, the activity/evaluative components  are then mapped to the 
correspondent SO. However, the level of details in the SOs decomposition (number of PIs or CLOs) is 
relatively high and makes the assessment process difficult. 
Our approach proceeds to a direct decomposition of each SO to a limited set (two or three) of SO 
Elements (SOEs). It differs also from the SO decomposition work undertaken under the EC-2000 initiative for 
Engineering programs [2] by the level of decomposition. The latter decomposition is deeply detailed at a 
certain level that let it be difficult to follow up their assessment and use them as major criteria for evaluation 
and improvement. Our work is distinguished from the previous research works by the fact that we are 
considering all the course-related direct/indirect assessments that are undertaken during the semester. All the 
assessment questions are mapped to the appropriate SOEs using the Bloom's measurable verbs. These 
assessment questions are going to be evaluated by the faculty members irrespective of the SOs assessment 
needs, which reduces the workload on faculty members. The web-based system that will support our approach 
will help in the input of the assessment data and the evaluation processes. We believe that it will contribute 
considerably to shorten the continuous improvement cycle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-The Class Diagram of the supporting system 
The class diagram (Figure 3) describes the main constituents of the supporting system. It shows that 
a curriculum contains a set of courses. Each course implements a set of SOs that are composed of SOEs. A 
course has many assessments per semester. Each assessment is composed of a set of questions that should be 
 Implement 
N 
N 
  Contain 
N 
1 
 Related N 1 
Has  1 N 
Assignment 
N 
1 
Online 
Surveys, 
Questionnaire 
1 N 
Exam Presentation 
Course 
Assessment 
Survey 
SO SOE Question 
Assessment Course 
Curriculum Indirect_Assessment Direct_Assessment 
Direct 
Interview 
Midterm 
Exam 
Final 
Exam 
 
Quiz 
Lab Project 
3
mapped to the appropriate SOE. The assessments are either direct or indirect. Direct assessments may be 
exams, assignments, presentations, projects or labs. While indirect assessments are course assessment surveys 
and online surveys/questionnaires. 
 
2. Methodology: The following sections describe the six steps of our methodology. The first three steps can 
be considered as an inception phase that can be revised during the continuous improvement process. The 
fourth step corresponds to the assessments implementation and data collection. The fifth step is undertaken at 
the end of each semester to input the assessments data. The final step proceeds to the analysis of the 
assessments data and the generation of a set of polar diagrams and bar charts that can be used for the 
continuous improvement process.  
Step#1- Prepare the articulation matrix using SOs 
Each course of the IT curriculum targets or implements a set of SOs. In practice, most of the IT 
courses implements two to four SOs (except senior projects). The faculty member(s) of each course were 
responsible for deciding about the SOs that are covered by the course. The final shape of the articulation 
matrix (Figure 2) was discussed and approved in a department council meeting. 
Step #2- Decompose the SOs into SOEs 
Having a deep level of details while decomposing an SO into SOEs makes it difficult to map the SO 
assessment over the different courses of the curriculum. The detailed articulation matrix (Figure 5) becomes 
very large; and the assessment process becomes complicated and requires a huge effort. For these reasons, we 
decided to decompose each SO to a limited set of SOEs (two or three SOEs). Each SO is then examined and 
decomposed into SOEs that reflects the main different knowledge and skills embodied by the SO. While 
undertaking these decompositions, we faced two different situations: 
a) The SO contains an enumerated list of knowledge/skills, such as SO(c)- ability to design, implement, and 
evaluate…. In this situation, the decomposition is based on these identified knowledge/skills (See SOEs(c1, 
c2 and c3 in Figure 4). 
b) The SO is general and can be even considered as one SOE, such as SO(d)- ability to function effectively 
on teams to accomplish a common goal. In this situation, we called for the state of the art and literature to 
proceeded to a decomposition that covers the main knowledge/skills of the SO (See SOEs(d1, d2 and d3)).  
 
a) An ability to apply knowledge of computing and mathematics appropriate to the discipline 
a1: An ability to apply knowledge of computing appropriate to the discipline. (Applying) 
a2: An ability to apply knowledge of mathematics appropriate to the discipline. (Applying) 
b) An ability to analyze a problem, and identify and define the computing requirements appropriate to its 
solution 
 b1: An ability to analyze a problem, and identify the computing requirements appropriate to its solution 
(Analyzing) 
 b2: An ability to analyze a problem, and define the computing requirements appropriate to its solution 
(Analyzing) 
c) An ability to design, implement, and evaluate a computer-based system, process, component, or 
program to meet desired needs 
 c1: An ability to design a computer-based system, process, component, or program to meet desired 
needs. (Creating) 
 c2: An ability to implement a computer-based system, process, component, or program to meet desired 
needs. (Applying) 
 c3: An ability to evaluate a computer-based system, process, component, or program to meet desired 
needs. (Affective Learning) 
d) An ability to function effectively on teams to accomplish a common goal 
 d1: An ability to prepare a work schedule for the assigned task and complete it within the appropriate 
deadlines. (Applying) 
 d2: An ability to participate in team meetings with full preparedness for providing useful input. 
(Affective Learning) 
      d3: An ability to share ideas among the team and promote good communication among the team 
members. (Affective Learning) 
. . .  
 
Figure 4-Decomposition of SOs (a) to (d) into SOEs 
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Figure 6-A sample exam paper cover page 
with the correspondent SOEs 
Step #3- Prepare the articulation matrix using SOEs 
The articulation matrix that have been prepared in step#1 is enhanced by the details of step#2 as shown 
in the Figure 5. However, a particular SO that have been previously targeted by a course can now be partially 
targeted by the same course. For example, the SO (a) includes (a1) and (a2). (a1) is related to the ability to 
apply knowledge of computing appropriate to the discipline while (a2) is related to the ability to apply 
knowledge of mathematics appropriate to the discipline. Some courses may implement (a1) but not (a2) and 
vice-versa. In our case, COIT 260 and COIT 321 implement (a1) but not (a2). However, we paid attention 
that all SOEs of a particular SO are implemented by at least one course of the curriculum. 
  
SOs  
Courses 
 (a) (b) (c) (d) . . . (a1) (a2) (b1) (b2) (c1) (c2) (c3) (d1) (d2) (d3) 
COIT 260           . . . 
COIT 321           . . . 
. . .           . . . 
COIT 499           . . . 
Figure 5 - The detailed articulation matrix with SOEs 
Step #4- Map the assessment questions to SOEs using the Bloom's measurable verbs 
All assessment questions, either direct or indirect, should be mapped to the appropriate SOE. In 
practice, many problems were faced during the mapping process. These problems are related to ambiguities 
between some SOs such as "SO(b)-ability to analyze a problem, and identify and define the computing 
requirements appropriate to its solution" versus "SO(k)-ability to identify and analyze user needs and take 
them into account in the selection, creation, evaluation and administration of computer-based systems". 
The ambiguity comes from the fact that user's needs can be considered as a problem to be analyzed. For some 
courses related to analysis, design and implementation of systems, the ambiguities may be caused by the 
relationship that may exist between some SOs (b, c, i, k) with the Software Life Cycle (SLC) activities 
(Analysis, Design, Implementation, etc). In fact, a problem may be related to design or implementation not 
necessary to the Analysis phase of the SLC. 
Benjamin S. Bloom and al. designed a taxonomy that classifies the human thinking into six cognitive 
levels of complexity [4]. The taxonomy, that has been updated in 2001 [6] [3], includes the following six 
cognitive levels: Remembering, understanding, applying, analyzing, evaluating and creating. The importance 
of this taxonomy is that it can be used "as a method of classifying educational objectives, educational 
experiences, learning processes, and evaluation questions and problems" [9]. In order to help faculty members 
in their mapping tasks of assessment questions to appropriate SOE, we called for the use of the Bloom's 
taxonomy to categorize these SOEs into one of the cognitive levels. For each of these levels, a set of 
measurable verbs are suggested [13] that can be used while writing assessment questions. Using these verbs 
helps faculty members write questions that are more suitable for a particular SOE. 
In FCITR, we studied our SOEs and classified them into one of 
the Bloom's cognitive levels as shown in the Figure 4. The 
Bloom's measurable verbs helped our faculty members to write 
assessment questions that are related to the selected cognitive 
level and appropriate to SOE. 
Step #5-  Input the assessment results for each course's 
assessments. 
Having mapped the assessment questions to the 
appropriate SOEs, each assessment has a cover page that 
summarizes the total marks for each SOE. Figure 6 shows a 
sample of a summary table that is part of the assessment cover 
page. It shows all course's SOs and the detailed SOEs that are 
targeted by the assessment. This table is used to record the sub-
total for each SOE and the assessment total marks. At the end of 
the semester, faculty members calculate the total grades they got 
for each SOE from the different direct assessments. The same 
work is undertaken separately for the indirect assessments. The 
web-based supporting system helps faculty members to input the 
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Figure 7-A polar diagram for direct 
assessments in course COIT 415 
direct and indirect total marks for each SOE.  
These data will be summarized at the course level and many outputs will be provided to help faculty 
members in the preparation of their course file. Other outputs will be provided at the program level to give 
the overall results related to all IT courses and all SOs. 
Step #6- Analyze the assessment data 
The web-based supporting system provides analysis and help at two different levels: Course level and 
Program level. At the course level both SOEs and SOs are considered. However, for the program level, only 
general SOs will be considered. 
a) Course level analysis of the assessment data 
At the course level, the system calculates the total marks for 
each SO, for both the direct and indirect results. Polar diagrams, 
that are required for the course file, will be provided for each kind 
of assessment (direct and indirect). Semester after semester, the 
SOs results can be compared to highlight any improvement. 
Figure 7 shows a polar diagram for direct assessments in 
course COIT 415. The applicable SOs for this course are (b), (c), 
(i) and (k). The corresponding results for these SOs are 
respectively 73%, 85%, 77% and 69%.  
The target success criteria for SO achievement were defined as 
follows: A student outcome is achieved if students get a 60% score 
in the outcome; otherwise, it is not achieved. If the students results 
are above 80% they are considered very good. In our case (COIT 
415), SOs (b), (i) and (k) are fairly achieved, while SO (c) results 
are very good. However, there is room left for improvement. 
Further analysis of the data entered by faculty members can 
reveal additional information such as: 
- The SOEs that were not addressed by any course assessment. By referring to the detailed articulation matrix 
we can know if the SOE was targeted by the course or not. If so, the absence of assessments that covers the 
SOE can be considered as shortcoming.  
- The SOEs that were weakly assessed. This can be the case if the SOE got a total marks below a certain 
threshold decided by the department (less than 5 marks for example). 
- The SOEs that were not satisfactory achieved (% of achievement less than or equal to a given threshold). 
These SOEs can be subject to improvement in the following semester. 
b) Program level analysis of the assessment data 
At the program level, the supporting system calculates the average of each SO for all IT courses, for 
both direct and indirect results. Two kinds of polar diagrams can be generated: SO-wise and  program-wise 
polar diagrams. The SO-wise polar diagrams (Figure 8) summarizes the students achievements in IT courses 
that addresses a particular SO. They are useful to highlight in which course an outcome is best or bad 
achieved. The program-wise polar diagram (Figure 9) shows the students achievements in all SOs. 
 
 Figure 9-Direct Assessments of the 
IT Courses (Fall, 2017/2018) 
Figure 8-Direct Assessments of SO (A)  
(Fall, 2017/2018) 
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However, additional polar diagrams or bar charts can be generated to compare the students 
achievements in two selected semesters (usually two consecutive semesters), either SO-wise or program-
wise. Figure 10 shows a bar chart giving a program-wise comparison between two consecutive semesters. 
 
 
 
 
Figure 10-Comparison between direct assessments of the 1st and 2nd semesters 2016/2017 
3. Conclusion and future work: In this paper, we presented a six steps methodology that helps in a better 
implementation and assessment of the Students Outcomes (SOs). Step#1 prepares an articulation matrix that 
maps the SOs to the different courses of the IT program. Step#2 proceeds to the decomposition of the SOs 
into its elementary contents called SOEs. These SOEs correspond to the main knowledge and skills embodied 
by the SO. Their identification is a key success to the better implementation of the SOs. Assessing SOs as 
"all-in-one" is in fact inaccurate and may lead to a poor achievement of the SOs. Using the SOEs we prepare 
the detailed articulation matrix in step#3. Each IT course is then mapped to the detailed SOEs and the new 
matrix is more accurate since some SOEs are no more addressed by some courses. Step#4 proceeds to the 
mapping of the assessment questions to the appropriate SOEs. For this matter, we called for the use of the 
Bloom's taxonomy to categorize each SOE to one of the cognitive levels and make use of the Bloom's 
measurable verbs to write questions that are more suitable for a given SOE. Step#5 occurs at the end of each 
semester to input the assessment data. A web-based system is planned to be used for this purpose to help also 
in the analysis and improvement processes. The final step#6, analyzes the inputted data and produces a set of 
summaries and outputs that are helpful at the course and program levels. As future work, we are planning to 
implement the described web-based supporting system and use it for the analysis and continuous 
improvement of the SOs. While many institutions may proceed to the evaluation and improvement using a 
two-to-four years cycle [7], the use of such system allow the institution to considerably shorten the 
improvement cycle. 
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